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Hie present invention is directed to methods for increasing secretioa oi" an overe.'cpfB.ssed gene product present irs a host 
ceil, by indiicing sxfsresslosi of chaperone proteins within Xht host ce!i. 
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INCREASED SECRETION OF OVEREXPRESSED PROTEINS 

UPON E XPRESSION. OF A C HAFERpNE PROTEIN 

The KhR2 yeast chaperone coding region was 
placed under the control of a galactose Inducible 
promoter and the plasraid encoding this chimeric gene was 
transformed into BJ5464 yeast cells which also carried & 
plasjBid encoding erythropoietin {EPO} under a galactose 
indticifole promoter. These BJ5464 cslis were th©n grown 
overnight in protein-free glucose titediusa in the absence 
of galactose. Expression of KAR2 and EPO proteins was 
induced by transfer of the BJ5464 cells into a galactose 
madium (SC GAL) . 

Cell growth after induction was monitored by 
observing the optical absorption of the culture at 600 
nrts. Cell and supernatant samples were taken at 24, 48 
and 72 hours after induction. Cell samples were used 
for detenisination of protein Issvels using the slot 

blot procedure described in Example i. Supernatant 
samples were tested for the amount of secreted EPO by 
using the slot blot procedure with a SY14 monoclonal 
antibody which is specific for EPO. 

Fig. 3 depicts the KAR2 expression observed in 
cell extracts collected at 24, 48 and 72 hours after 
induction. The KAR2 immunoassay values provided in Fig. 
3 represent a ratio of the arao^snt of KAR2 detected in a 
given yeast cell typs; rslatira to wild type yeast. KAR2 
expression in wild type ceils ( » ) «. cells transformed 
with the EPO- encoding plasmid only (», GalEpo) and cells 
transformed with both the EPO-encoding plasmid and the 
XAR2~encoding plasmid {A, 6al£po+GalKar2) , is depicted. 
After induction, expression of KAR2 is initially higher 
in cells with the EPO-encoding plasmid than in wild type 
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yeast cells. However, GaiEpo cellular expression of 
KAR2 drops to almost wild type levels by 48 hours after 
Induction. If KAR2 expression were monitored for longer 
periods of time, the amount of KAR2 in the GalEFO cells 
would be less than wild type,, as shown in Fig. 1. 
However J KAR2 sjfpresss.on at 24 hr Is significantly 
greater in Ga.lEpo+GalKAR2 cells which have th© KAE2~ 
encoding plasraid despite the presence of overeKprssssd 
EPO. Moreover, by 48 to 72 hours after Induction, KAR2 
expression is at l@ast 4- to 5- fold higher in cells 
expressing additional amounts of KAR2 recontbinantly than 
in cells expressing KAR2 from a native, genomic locus, 
Therefore, KilR2 expression can be boosted significantly 
by recombinant expression. 

Fig. 4 depicts the growth of vrild type cells 
(O) , ceils trans foriffed with the EPO-encoding piasaiid 
only (O, GaiEpo) and cells transformed with both the 
EFO~encoding plasmd and the KM2-encoding plassnid (ii, 
GalEpo+GalKar2 ) after Induction of EPO and KAR2 
expression . 

The inset provided in Fig. 4 depicts the 
amount of EPO secreted into the medium of cells which 
have the EPO-encoding plasmid only (GalEpo) compared 
with the amoijnt of secreted EPO frons cells having both 
the EPO-encoding plasijiid and the K«R2 -encoding pXasssid 
(GalEpo+GaiKar2"5 , The swpernatants tested were 
collected during exponential growth of these yeast 
strains at the indicated time point (arrow) . As shown 
in the Fig. 4 inset, the amount of EPO secreted upon 
induction of KAR2 expression is almost five-fold higher 
than when no additional KAR2 chaperons protein is 



Therefore, increasing ICAR2 expression causes a 
substantial Increase in protein secretion. 
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gXAMPL^ 4 

CONSTRUCTION OF STRAINS OVEREXPRESSING BiP AND PDI 
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Yeast strains were constructed which 
overexpress yeast BiP^ PDI or both BiP and FBI. 

The overexpression systeni for BiP utilizes 
giycsraidehyde- 3 -phosphate dehydrogenase (GPD) 
constitutive promoter, h Sail-AatlX fragjstent containing 
the GPD promoter was ligated into the Aatll-^Sail site of. 
the pMRI34i expression vector described in Example 2, 
replacing the galactose (GALl) proasoter used for 
inducible expression of yeast BiP. h single-copy 
centronsere plasinid containing this construct was nanted 
pGPDKAR2. SJ5464 ceils were trans fontied with pGPDKAR2. 

To cons tract a yeast strain that overestpresses 
yeast PDI, an expression cassette containing the yeast 
PDI gene downstream of the constitutive HDKII promoter 
^ras intfi;grat©d into the chrofflosossal copy of PDI using 
LEO'2 as a selective marker. Yeast stxaia BJ54S4 with 
this integrated PDI expression cassette was renasnsd 
YVHIO (PDI: :ADHII-PDI-Leu2 ura3-52 trp 1 ieu2&i his 
3a200 pep4 : :H153 prb l^l.Sp can 1 GAL) . 

YVHIO ceils were transformed with pGPDKAR2 to 
provide cells overexpress ing both BIP and PDI . 
^^j. Cells extracts frosn Jtiid-sxponential phase 

cultures of BJ5464, BJ54g4 trsnsforsisd with pGPDKAE2, 
imiQ, mid yVHlG trans? forscied with piSPDKAR2 were 
prepared. Yeast BiP and FDI were detected by 
chemilximinescence using a-Kar21gG and a-PDIlgG, 
respectively . Dens i totnetry was perforated with an Apple 
Optical Scanner and analyzed with the program Image 
(NXH) , Quantitation of band intensity was deterstlned 
from three dilutions of protein and multiple time 
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^ exposures of the barsds within the linear range of the 

As desionstrated in Table 3^ BiP was 



overexpressed approjsifflateiy 5-6 fold, and FDI was 
overexprsssed approxiniateiy 11-16 fold. 

TABLE 3 
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EWMBLE 5 

INCR£ AS.gP., SECHET I O |l 0F_^ PROTEIWS 

UPON EXPRESS IO£,,^OF A,^^C H AFERONK„ PR O TEXK 

The fos^r yeast strains described in Exaimpls 4 
CBJ5464, BJ5464 -i- pGPDKAR2, YVHIO, and YVHlO -s- pGPDKAR2) 
ars grown for sevsral generations in synthetic complete 
CS.C.) iRedla to provide strains which overexpress 
neither BiP nor FDI, BIP alone, PDI alone, or both BiF 
and PDI, respectively. The strains are each transformsd 
with an expression vector which directs the constitutive 
©Kpression of a gene prodiict. Supernatant samples are 
collected during exponential growth of the transfonned 
cells and assayed for the presence of the secreted gene 
product . 
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- WHAT IS CI.ftIMED; 
X 

1. A method for increasing secretion of an 
overexpressed gene product from a host cell which 
comprises effecting the estpression of at least one 

i_ chaperone protsin capable of increasing secretion of 
saicl overejcpressed gene product in aaid host cell. 

2. The method of Clains i wherein said 
expressiors of said chaperosie protein is effected by 
inducing expression of a nucleic acid encoding said 
chapsrone protein . 

3. The method of Claim 2 wherein said nucleic 
acid XB present in an e^cpression vector. 

4 . h inethod for increasing secretion of an 
overexpressed gene product from a host cell which 
con^prises a) effecting the expression of at least one 
chaperone protein and the overexpression of a gene 
product in a host ceil; and 

fo) cislti^'ating said host 'cell under conditions 
suitable for secretion of said overexpressed gsns 
product. 

5. The method of Claim 4 wherein said 
expression of said chaperone protein is effected by 
transforming said host cell with an expression vector 
comprising a nucleic acid encoding said chaperone 
protein. 

6 . The method of Claim 5 wherein said 
overexpression of said gene product is effected by 

transforming said host cell with an expression vector 
comprising a mtcieic acid encoding said gens product . 

7. The jsethod of any one of Claims 1-6 
wherein said chaperons protein is an hsp70 chaperone 
protein or a protein disuifide isomerase. 

8. The method of Claim 7 wherein said hsp70 
chaperone protein is a KAR2 or a BiP chaperone protein. 
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3, The method of Clains 7 wherein said protein 
disulfide isomerase is a mammalian protsln disulfide 
isomerase ox a yeast pjrotein disulfide isosnsras©- 

10. A jsethod for increasing secretion of an 
overespressed gene product front a host ce.1.1 which 
comprises effecting the eKpression of an hsp70 chaperons 
protein ant? a protein disulfide isomerase protein in 
said host cell< 

11. The method of Claint 10 wherein said host 
cell is a y^^^^t cell. 

12. The method of Claim 11 wherein said hsp70 
chaperone protein is KAR2 and said protein disulfide 
isomerase is yeast protein disulfide isomerase. 

13. A ntethod for increasing secretion of an 
overexpressed gene product which cotsprlees trans forjsiing 
a host cell with an ejcpression vector cosnprising a 
ntsclsic acid encoding said gene product under coaditions 
suitable for ©Kpression of said gene product, wherein 
said host cell is oversKpressing at least one chaperone 
protein. 

14 . The ssethod of Claim 13 wherein said host 
cell is overexpresslng an hsp70 chaperone protein and a 
protein disulfide isotnerase. 

15. The jnsthod of Claioi 13 wherein said 
chaperone protein is an hsp70 chaperone protein or a 
protein disulfide isomerase. 

1S> The method of Claims 14 or 15 wherein 
said hsp chaperone protein is Kj^R2 and said protein 
disulfide isomerase is yeast protein disulfide 
isomerase . 

17. The method of Claim IS wherein said host 
cell is a yeast cell. 



